Abstract. Document image analysis and recognition are important topics in the field of artificial intelligence. In this context, the availability of a database with good script samples is an important requirement for machine-learning processes. For Latin and Asian languages many suitable databases exist. However, there is a shortage of databases with Arabic samples. In this work, a new database of printed Arabic text is introduced. The new concept of collecting sub-words (PAWs) instead of words or individual character samples was adopted. These PAWs constitute all words in the Arabic language. The collected database consists of 83,056 images of PAWs extracted from approximately 550,000 different words. Each sample is presented in the database in five font types: Thuluth, Naskh, Andalusi, Typing Machine, and Kufi. In total, the database consists of 415,280 images. Moreover, ground truth information is included with each PAW image to describe its occurrence number, occurrence frequency, positions and the shapes of the characters. This paper presents a statistical analysis of the frequency of each PAW in the Arabic language.
Introduction
Document image analysis and recognition (DIAR) is an important topic in pattern recognition (PR). DIAR consists of many techniques, such as optical character recognition (OCR), document image binarization and enhancement, text segmentation, baseline deduction, document layout analysis, and much more [1] [2] [3] [4] . These techniques have been used to develop different applications, such as handwritten character recognition, mail sorting, bank check processing, signature and handwriting verification, historical document processing, information retrieval, and others [1] [2] [3] [4] .
The availability of databases with a sufficient number of adequate samples is an important requirement for researches in DIAR [5] . Such databases provide standard benchmarks that can be used in evaluating the performance of different DIAR systems [6] . For Latin and Asian languages, many standard databases have been collected. However, there is a shortage of DIAR databases for the Arabic language [7] [8] [9] . A limited number of databases for some techniques such as OCR are available. However, there are no databases for techniques such as Arabic text segmentation or layout analysis. Also, the existing databases are weak, dated or do not support updating based on recent research.
In this work, a new database for printed Arabic text is introduced. We adopted a new concept aimed at collecting the sub-words (PAWs) that constitute the words used in the Arabic language. This partially solves the segmentation challenge and reduces the number of required samples to cover all words.
Moreover, a statistical analysis of PAWs and characters used in the Arabic language is provided in this paper. The proposed database is useful for several DIAR techniques, such as OCR, font recognition, segmentation and information retrieval. This database will be available for researchers upon request.
The rest of this paper is organized as follows. Section 2 reviews the literature. Section 3 describes the method used to collect the samples. Section 4 provides a statistical analysis of all aspects relating to the database. The conclusion follows in Section 5.
Literature Review
In this section, a review of the unique features and challenges of the Arabic language are provided. Moreover, the best and most recent databases of the Arabic language are presented.
Features of the Arabic Language
The Arabic language has unique features that distinguish it from other languages, which have an impact on the development of DIAR applications [10, 11] . The main features are:
1. The Arabic alphabet consists of 28 letters, written from right to left. 2. Arabic text has only one case; it does not have capital or lower case letters. 3. Letters are connected to each other to construct sub-words (PAWs) and whole words. 4. Each letter can be written in different shapes depending on its position in a word. There are four possible shapes for each letter based on its position: at the beginning, the middle, or the end of a word, or in an isolated position ( Figure 1 ).
Some letters (
) never occur at the beginning or the middle position. Therefore, the following letter is used as the shape for their beginning position (Figure 1 
Challenges of Arabic Text DIAR

Database of Arabic Texts
Many databases have been proposed for languages that use the Latin alphabet for use in DIAR research. For example, the IAM database [15, 16] is used for handwriting OCR, the RETAS database [7] is used for printed-text OCR, the MNIST database [17] is used for handwritten digit recognition, the NEOCR database [18] is used for natural-image text recognition, the LTP database [19] is used for touching-text segmentation, and the PRImA database [20] is used for printed document layout analysis.
There are a number of databases for Arabic text. Al-Isra [21] is an Arabic handwritten-text images database consisting of 37,000 words, 10,000 digits, 2,500 signatures and 500 sentences. However, this database is not accessible. The IFN/ENIT-database [22] As far as Arabic calligraphy is concerned, [27] presents a database consisting of 69,400 images of Arabic characters using the handwriting of ten calligraphy experts. This dataset introduces a novel feature: the combination of triangle geometry for digital Jawi paleography. Another database for Arabic calligraphy is presented in [28] . This dataset consists of 700 block texture images of the most common types of Arabic calligraphy, where the Kufi, Thuluth, Naskh, Dewani, Andalusi, Ruqqa, and Parisian calligraphy types are represented by 100 images each.
As for printed Arabic text, the ERIM Arabic Document Database is a printedtext database with samples collected from printed documents such as books and magazines [24] . It consists of about 750 pages in several fonts and data qualities but is not accessible for researchers [25] . Another work presents a database containing 6 million samples of printed Arabic words [11] . The samples include words, pieces of words, and pieces of words without diacritics. This database was collected from different resources, such as printed matter, software and websites. However, no standard reference base for the collected words is available.
Based on the above, it can be stated that very few databases for the Arabic language are available. Most of them contain only handwritten text images while printed text is almost completely neglected. Moreover, all the available databases have been proposed for OCR only, while other DIAR applications have been ignored. Also, only the IFN/ENIT handwritten text database is popular and scoped by scientific researches.
The other databases have been created for private research. In addition, there is no central organization to provide a standard reference for the collection and use of Arabic words [10] . Therefore, most of the databases are either very large or extremely small. The quality of a database with separate letters is related to the accuracy of the segmentation method used. Until now, no perfect segmentation method for Arabic characters exists. On the other hand, the number of samples will be huge if a database is based on words.
Proposed Database
In this work, a new principle is proposed, namely to collect all sub-word (PAWs) images of all living words in the Arabic language. To achieve this goal, the following steps were performed.
Arabic Words Analysis
Referring to the above literature review, the Arabic language has a huge vocabulary, letters are mostly connected, and most words consist of more than one PAW. These three points present the main challenges that face any database for DIAR. In this work, an analytic study was conducted to minimize the impact of these challenges.
The Arabic language uses approximately 11,978 basic roots [26] . This means that a huge number of words can be constructed when the rules of grammar are followed. However, different researchers have reported a large variance in the number of words used in the Arabic language: between 60,000 and 12,000,000 different words. The shapes of words that share the same root are different because of the addition of letters. These letters are connected to the root, producing new shapes. Moreover, most Arabic words consist of more than one part (PAW). Each PAW represents a separate connected component. Figure 2 shows an example of a sentence with four words and containing ten PAWs. A wide space separates different words, while narrow spaces separate the PAWs of each word. Usually, changes can occur in one PAW while the other PAWs remain unchanged. Moreover, PAWs themselves can also act as letters, whereby different PAWs may be used to construct new words. For example, Table 1 shows 36 different Arabic words consisting of 9 sub-words only. Based on this, if we collect a database consisting of samples of sub-words only, we can cover the whole Arabic vocabulary with a relatively small number of samples. -words) . Therefore, all Arabic words can be covered by using these PAWs, which effectively leads to a reduction of the number of samples.
Data Collection
The first step to develop the proposed database was collecting Arabic words in use. Many Arabic words are not used currently and are found only in glossaries. Therefore, the Arabic words were collected from living resources, especially from websites. The world wide web is a huge resource of words in Arabic that are currently in use in all countries. With this resource, we can effectively cover all live Arabic words and determine their occurrence frequency. In total about 550,000 unique words were selected.
Next, each word was separated into PAWs, after which the repeated PAWs were counted. As a result, 83,056 PAW samples were collected, representing all used PAWs in the Arabic language. These samples were stored in PMB image format. Each sample in the database is represented in five font types: Andalusi, Kufi, Naskh, Thuluth, and Typing Machine; each font type is stored in a separate group in the database. In addition, a sub-database consisting of the PAWs of the 1,0000 most-used words in the Arabic language was created. This was done for use in the testing phase of machine-learning research and it can also be useful in researches that prefer not to use all Arabic words.
Statistical Analysis
This section presents an analytical and statistical description of the proposed database, whereby the number of images and the used fonts types are highlighted. Then, a detailed statistical analysis of the occurrence frequency of the PAW images is presented. Moreover, we show more information about the ground analysis of each image, including occurrence frequency, meaning, positions and the shapes of the characters for each sub-word image. The proposed database contains the PAWs of the 550,000 most-used words in the Arabic language. This resulted in 83,056 unique PAW samples. Each sample is represented in five images using the most common font types of printed text in Arabic: Thuluth, Naskh, Andalusi, Typing Machine, and Kufi. The sample images of each font type are grouped into independent sub-databases. In total, the main database consists of 415,280 images of 83,056 different PAW samples.
Initially, 550,000 different words produced the 83,056 PAWs. The statistical analysis of PAW repetition shows that the isolated 'ALIF ‫'ﺍ‬ and the isolated 'WOW ‫'ﻭ‬ characters are the most used, i.e. in 177,015 and 71,616 different words respectively. In more detail: about 20 PAW samples contributed to the composition of 10,000 words, and 148 PAWs contributed to the composition of about 10,000 to 1,000 different words. At least 31,395 PAWs are part of more than two different words. Meanwhile, the remainder (about 51,493 PAWs) are used in only one word. In total, the repeated PAWs are used 1,685,202 times, as shown in Figure 3 . As a result, all PAWs are repeated 1,736,862 times to produce about 550,000 unique words. Based on this analysis, most Arabic words consist of more than one PAW. The word images in the database were segmented into individual PAW samples. The following analysis shows that most of the Arabic words consist of two, three or four PAWs. About 181,500 words consist of two PAWs, 180,500 words consist of three PAWs, and 96,000 words consist of four PAWs. The details are shown in Table 2 and Figure 4 .
Finally, ground truth information describing each image sample, i.e. occurrence frequency, positions and shapes of the characters in each PAW image are included in the database. Figure 5 shows a snapshot of the ground truth information of random samples (e.g. AR_83042). The first column represents 0 500.000
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Figure 4
Number of words based on number of constituent PAWs. Table 3 and Figure 6 show the analytical results of the number of characters in each PAW image. Most of the Arabic PAWs consist of five, four, and then six characters. Rarely, the PAW images consist of one, two, or more than nine characters. The highest number of characters in a PAW image is eleven, occurring in three cases only. 
Figure 6
Number of images in the database based on number of constituent characters.
Conclusion
In this research, a database for printed Arabic text was collected. This database consists of image samples representing all sub-words (PAWs) that can be used to construct any word in the Arabic language. In total, the proposed database consists of 415,280 images. These images represent 83,056 unique samples of PAWs that can be used to construct approximately 550,000 different words in Arabic.
Each of the collected samples is represented five times in different font types, i.e. Thuluth, Naskh, Andalusi, Typing Machine, and Kufi. Moreover, ground truth information describing each image sample is also included in the database, i.e. occurrence frequency, positions, and the shapes of the characters for each PAW image. This database is assumed to be useful for several DIAR applications, such as OCR, segmentation and information retrieval.
